INTRODUCTION
demicities of specific zoonotic trematode, i.e., Clonorchis sinensis, Metagonimus spp. including M. yokogawai, Centrocestus armatus and Isthmiophora hortensis, infections [13] [14] [15] [16] [17] [18] [19] . However, the infection status of CcMc was rarely surveyed and has not been broadly investigated in freshwater fish from the water systems of Korea. Therefore, in the present study, we are going to investigate the infection status of CcMc in freshwater fish from the water systems of Nakdong-gang in Korea.
MATERIALS AND METHODS
Fish collection ( Fig. 1) Water systems of Nakdong-gang in Gyeongsangbuk-do:
Fishes from Naeseongcheon (① in Fig. 1 and Hamancheon (⑧) in Haman-gun (2014: 73 fishes in 9 spp.) were examined.
Water systems of Nakdong-gang in the east coast of Korea: Fishes from Wangpicheon (⑨) in Uljin-gun (2015: 239 fishes in 13 spp.), Osipcheon (⑩) in Yeongdeok-gun (2015: 122 fishes in 11 spp.) and Gigyecheon (⑪) in Gyeongju-si (2015: 111 fishes in 11 spp.), Gyeongsangbuk-do, Cheokgwacheon (⑫) (2015: 221 fishes in 10 spp.) and Taehwagang (⑬) (2015: 89 fishes in 14 spp.) in Ulsan Metropolitan City were examined.
Examination methods
All collected fishes with ice were transferred to the laboratory of the Department of Parasitology and Tropical Medicine, Gyeongsang National University College of Medicine, Jinju, Korea. After the identification of fish species, they were individually ground with a mortar. Each ground fish meat was mixed with artificial gastric juice and the mixture was incubat-ed at 36˚C for 2 hr. The digested material of each fish was washed with 0.85% saline until the supernatant is cleared and examined with naked eyes and under a stereomicroscope. The excysted CcMc (Fig. 2 ) were separately collected [20] and were counted to get hold of infection rates (%) and densities (No. of CcMc per fish infected) by fish species.
RESULTS
Infection status with CcMc in fish from Nakdong-gang in Gyeongsangbuk-do No CcMc were detected in fishes from Naeseongcheon in Yecheon-gun. In fishes from Wicheon in Gunwi-gun, CcMc were detected in 180 (15.4%) out of 1,168 fishes and their intensity was 5.8 per fish infected. The prevalences by the year examined were 15.0-27.0% (20.5% in average) in the positive fish species from Wicheon. The infection status with CcMc by the fish species and examined year in Wicheon was detailedly shown in Table 1 . In positive fish species from another surveyed areas, i.e., Banbyeoncheon in Yeongyang-gun, Nakdonggang in Sangju-si and Hoecheon in Goryeong-gun, the prevalence with CcMc was 23.8% in average and their intensity was 9.2 per fish infected. The infection status with CcMc by the fish species and survey areas was detailedly revealed in Table 2 .
Infection status with CcMc in fish from Nakdong-gang in Gyeongsangnam-do No CcMc were detected in fishes from Hamancheon in Haman-gun. In fishes from Yangcheon in Sancheong-gun, CcMc were detected in 811 (45.6%) out of 1,779 fishes examined and their intensity was 9.8 per fish infected. The prevalences by the year examined were 38.6-62.8% (51.4% in average) in the positive fish species from Yangcheon. The infection status with CcMc by the fish species and examined year in Yangcheon was detailedly designated in Table 3 . Only one CcMc was found in a S. gracilis majimae from Jisucheon in Jinju-si. The infection tendency with CcMc by the fish groups was somewhat revealed in fishes from Yangcheon. The prevalence was most high in Squalidus spp. (97.7%) and followed by acheilognathinid fish (66.8%), P. herzi (52.0%), rasborinid fish (39.6%) and Hemibarbus spp. (25.9%). The intensity was also most high in Squalidus spp. (27.0) and followed by acheilognathinid fish (8.9), P. herzi (6.6), rasborinid fish (3.7) and Hemibarbus spp. (2.5) ( Table 4 ). 
A B
Infection status with CcMc in fish from the streams in the east coast
No CcMc were detected in fishes from Gigyecheon (a branch of Hyeongsangang) in Gyeongju-si, Gyeongsangbukdo. In fishes from water systems of Nakdong-gang in the east coast of Korea, the endemicity with CcMc was very low. The infection status with CcMc by the survey areas and fish species examined was detailedly revealed in Table 5 .
DISCUSSION
In the present study, CcMc were found in total 23 species of [21] . The prevalence of CcMc was most high in the positive fish group from Yangcheon (51.4%) in Sancheong-gun, Gyeongsangnam-do, followed by that from Nakdong-gang (33.3%) in Sangju-si, Gyeongsangbuk-do, and those from remain other areas were relatively low (7.1-20.5%). Even no CcMc were detected in fishes from 3 survey areas, Naeseongcheon in Yecheon-gun, Gigyecheon in Gyeongju-si, Gyeongsangbuk-do and Hamancheon in Haman-gun, Gyeongsangnam-do. The intensity of infection with CcMc was most high in the positive fish group from Nakdong-gang (17.6 per fish infected) in Sangju-si, followed by that from Yangcheon (9.8) in Sancheong-gun, and those from remain other areas were relatively low (1.0-5.8). The reason why the more higher intensity in fish from Nakdong-gang in Sangju-si is 2 crucian carps, C. auratus, heavily infected (86 and 147 CcMc). Above findings suggested that the endemicities of CcMc are relatively high in fish from Yangcheon in Sancheong-gun and Nakdong-gang in Sangju-si, and relatively low in fish from other areas like in previous studies in Korea [9, 11, 12] .
In the highly endemic area of CcMc, Yangcheon in Sancheong-gun, Gyeongsangnam-do, the endemicity was revealed a certain tendency by the subfamily groups in cyprinid fish. The endemicity (average CcMc intensity× prevalence/100) was 8.47 in gobioninid (Gobioninae) fish group, i.e., Squalidus spp., P. herzi and Hemibarbus spp., 5.95 in acheilognathinid (Acheilognathininae) fish, Acanthorhodeus spp. and Acheilognathus spp., and 1.47 in rasborinid (Rasborininae) fish group, Zacco spp. The endemicity in the gobioninid fish was most high in Squalidus spp., 26.38, followed by in P. herzi, 3.43, and in Hemibarbus spp., 0.65. From the above findings, we could know that the susceptibility of C. complanatum cercariae is relatively high in Squalidus spp. and the endemicities of CcMc are more or less different by the fish group and species from Yang- [22] . They are known to be the pathogenic agents in the viscera and musculature of many fish species [23] . Meanwhile, encysted ones are detected in the body cavitiy of Channa punctatus and they also act as the etiologic agents in their habitat organs of fish [24] . However, we only found noncysted CcMc in this study. Generally, we have been thought that the cyst wall of CcMc is so feeble and then it is easily bursted by the process of artificial digestion method. The further studies are needed whether CcMc is to be non-encysted or excysted in the digestion process of fish meat in Korea.
Several species of ardeiid birds have been reported as the natural definitive hosts of C. complanatum in the world. Even in Japan, C. complanatum adults were recovered from 4 species of wild birds, i.e., Nycticorax nycticorax, Ardea cinerea, Egretta garzetta, and E. intermedia, in Tottori prefecture [25] . However, only chick was proved as the experimental definitive host in Korea [9] . Accordingly, we should pay attention to the recovery of C. complanatum adults in the survey of wild birds.
More than 50 species have been reported as the members of genus Clinostomum by a variety of authors, even though their taxonomic validity is quite controversial. Among them, C. complanatum is the type-species and the most widely distributed in the world including Korea [3, 9, [20] [21] [22] [23] [24] . It is questionable that every Clinostomum specimens collected in various species of fish from various geographical areas of Korean peninsula are CcMc, although specimens from human cases and experimental chick were already named as C. complanatum. The molecular study on the Clinostomum specimens from various origins should be carried out in the near future in Korea.
Conclusively, it is confirmed that the variety of fish species act as the second intermediate hosts of C. complanatum in the water systems of Nakdong-gang, and the endemicities of CcMc are more or less different by the fish group and species from Yangcheon, most endemic area, in Sancheong-gun, Gyeongsangnam-do, Korea.
